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Foreword

In August 1990, American forces began a massive deployment to Southwest
Asia. Early In the deployment, the U.S. Army Research Insdtute of En-vIronmental
Medicine was asked by various units to provide information and guidance for
managing the heat-rcdaterl me ciical and physiological problemns likely to be
encountered in tha& harsh environment, The demand ibr usefuil guidance for the
preverition and treatment of heat illnes~ses led to the publication of several
documents, thle last of which was prepared as a pocket...sized manual, titled
"'Sustaining H-ealth and Performance in the Desert" (USARIEM Techinical Note 91 -~
2).

As we prepared the guides for non-medical units, we realized that no
convenient modemn compendia oi information for prevention and management of
heat illness exist for use by the AMEDD. TB MED 507 is proviaed by the Surgeon
0Qeneral as the official statement of guidance and advice for iriecical officers to use
In programs of heat injury prevention and treatment. However, TB MED 507 was
lasi. issued in 1983 and does not include much offthe useful Infurmation from
biomedica2 research and practlco' in the last decade.

We have written this handbook to bridge the gap between -the 1980 TB MED
507 and its planned successor. The information in the Handbook is not intended
to repia~ce the established policy and doctrine of the Departmnent of the Army or
the Surgeon General.

Our intent. is to providl. in- th-is handbook a compIilation of useful
information and advicýe based on our own experience anid the experience of others
We invite suggestions for changes or addi.flons.

Please address themn to:
COMMANDER
LI.S. A rmy Research Instiftute of Erwrironmnental MedIicinle
ATI'N: SGRD-LJE-ZA
Natick, MA 0J1760-5007

Tleleplhone: I)SN 256-46l11
Coninercial (508) 65 1-48 11

FAX: DSN 256-5298
Commercial (508) 651 -5298
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Introductlon

The increased risk and incidence of heat illness associated with hot
weather operations is due to the combined effect of hard physical exertion,
environmental heat stress, encapsulation in heavy uniforms and the stringent,
demanding circumstances of the field. Commanders must, therefore,
accommodate the physiologi- limitations of their soldiers by incorporating heat
illness prevention in their o!erational and logistical plans. The unit Medical
Officer has the responsibility to assist the Commander to prevent heat illness.
It is our belief that primary prevention is the most important contribution the
medical officer can make to the unit in this regard. Heat casualties mean that
primary prevention has failed and the unit will lose strength and mission
effectiveness. Heat casualties may challenge the medical planning and clinical
skill of the medical officer, but we feel it is better that these skills not be
required at all.

This handbook Is written to help military medical officers in their dual
role in miiitary operations: stall medical advisor and treating physician. It is
particularly important to note that this handbook differs from a standard
clinical review because of its emphasis on the medical officer as a staff officer.

If the medical officer is to succeed in preventing heat illness, he must
ensure that his advice is incorporated in the Commander's plan. The only way
the medical officer will accomplish this is to effectively integrate in the staff
planning process. To facilitate this, we have inch'ded infonnatlon the medical
officer can use to assist the rest of the staff in planning training and
operations in hot environments to minimize heat illness.

We have organized the handbook in four parts. The first part provides a
review of the clinical physiology of heat exposure as a foundation for rational
prevention and therapeutics. The second part presents an approach to
primary prevention of heat illness during training and operations. the third
part Is a clinical review of th(, rr kior and minor heat illnesses. Tlhe final, fourib
part contains the Appendices.
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Physiological Adaptation to Heat Exposure

Humans have well defined physiologic mechanisms to counteract rises in
body temperature from either internal heat production or environmental heat
stress. These mechanisms support our need to maintain a narrow range of
body temperature for optimal function. In response to a rise in body
temperature from an internal or external heat source, we increase both
cutaneous blood flow and sweating. Heat energy is then dissipated to the
environment either directly from the warmed skin surface by
conduction/convection and radiation or by evaporation of sweat.

The direct transfer of heat energy to the environment occurs by radiation
and conduction. Radiative transfer occurs between the body surface and all
other sources of radiant energy. Conductive transfer occurs by direct contact
between the body surface and other materials including air, water or ground.
Both radiative and conductive heat transfer move heat energy between the
body surface and some other material. Convection augments conductive heat
transfer. Conduction occurs between two materials An direct contact.
Conduction will stop when the two materials in contact reach thermal
equilibrium. Convection prevents thermal equilibrium developing by
constantly replacing at least one of the materials. For example, convection
replaces air warmied by conduction while in contact with the skin surface with
air not yet warmed so heat transfer can continue.

The rate of heat transfer by conduction/convection and radiation is
dependent on the difference in temperature between the body surface and the
materials or radiating surfaces in the environment. Furthermore, the two
routes of direct energy exchange (radiation and conduction/convection)
between the body surface and the environment are two-way streets. If the
body surface )s warmer than the environment, the body will lose einergýy to die
environment. However, very warm air or surfaces will transfer hear to the body
by conduction/convectiori; and sunlit surnIces or sky will transfer heat to the
body by radiation.

Maintenance of body temperature requires that the amount of heat
energy in the body remains -onstant. Under circumstances wh-en internal
heat production exceeds the capacity of dlirect routes of heat transfer to
dissipate It, an additional means of heat transfer, evaporation of sweat, comes
irso play. Furthenrnorc, whell the environmIent is sufficiently hot Io cause heat
g~ain by the direr t transfer routes, evaporative cooling is the only
Ihermoregi latory m.echanisni avaiilahle W coi trol hody tiemperat tire.



Sweating is primarily controlled by the central nervous system. Core
temperature increments detected by them )sensitive neurons in the
hypothalamus stimulate increases in skin blood flow and sweating. The
process of sweating is triggered primarily by sympathetic cholinergic
stimulation of the eccrine sweat glands, which are distributed ubiquitously
over the body surface. Sweat production rates can reach 2 liters per hour for
short periods and up to 15 liters per day. Each liter of sweat evaporated from
the body surface removes approximately 580 Kcal of heat energy. Under
conditions that allow rapid evaporation (e.g., deserts), the daily cooling
capacity of the sweating mechanism is several thousand kcal, adequate to
maintain body temperature even during vigorous work in the heat.

Sweat is a hypotonic solution of sodium chloride. The concentration of
sodium chloride in sweat depends on acclimatization state and sweating rate.
Higher sweating rates reduce the opportunity for the eccrine secretory
epithelium to conserve salt, so, at higher sweat rates, sweat salt concentration
rises. Acclimatized sweat glands conserve salt more effectively and produce
sweat with reduced salt concentration for any given flow rate. This
conservative phenomenon Is an important protection from salt depletion in hot
environments.

Furthermore, reducing the salt content of sweat increases the proportion
of intracel'ular water contributing to sweat formation. Consequently, for any
given amount of body water lost as sweat, less wil! be taken from the
extracellular fluid, conserving, to a degree, plasma volume.

In addition to conserving salt, humans acclimatized to heat initiate
sweatil ig ad evaporative cooling at lower body temperatures. In environments
where sweating contributes to cooling, a( clitnatized individuals can ainltain
lower body temperatures for any amount ,f heat stress.

Physical work causes all increase in cardiac output and the
redistnibtltion of blood flow toward the working MIuscles ainld away froli- the
viscera. If an elevation in core te'llperal. ure also occurs, then an additional
portion of the cardiac output is directed to skin for thec-uofegulation and
visceral flow :-s further reduced, Mainten ance of effective circulating volume is
esselt.Ial to permit adequate muscular, visceral and thermoregulatory blood
flow. High sweat rates will quickly (compromIse blood vluime. Tellrefore, N' rk
in tihe heat rcTquires constant fluid rep}lenishllmeint. Sinc;, llent water absoru)till
in the gut is al)oult 20 cc per m1inlite or 1200 cc I(per hot ir, cozinpe iszatioll for
high sweat rates req jires rest periols Withi reductd swcit r"Ites alld tium tor
hydIratio)n.
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The degree of acclimatization is dependent on the degree of thermal
stress to which the individual has been exposed. ' .gular vigorous exercise.
even in temperate climates, produces sufficient elevation of core temperature
to induce a small degree of heat acclimatization. However, any exposure to
environment with significant additional heat stress will require an additional
period of acclimatization.

Acclimatization develops at a rate that depends on the degree of heat
stress imposed. Achieving the maximum rate seems to require about 2 hours
of continuous exercise exposure per day.
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PREVENTION PEARLS

WEAK LINK RULE: The appearance of a heat casualty in a unit
suggests that others are at risk and all the members of the unit should
be evaluated immediately. Soldiers who are underperforming in the heat
(for example, stragglers on a road march) are likely to be incipient hcat
c-asualties. It is not safe to assume their underperformance is
undernotivation.

DEPLOYMENT: Soldiers required to deploy with little notice to hot
environments will arrive unacclimatized regardless of their physical
condition. Acclimatization ,,All require 7-10 days. During the
acclimatization period. troops that must work vigorously should be
provided copious quantities of water and carefully supervised work-rest
cycles tailored to their physical capacity by direct medical oversight.

SALT SUPPLEMENTATION: If rations are short or sweating is very
heavy, salt supplementation as 0. 1% salt solution may be needed (see
Appendix A). Acclimatization should eventually eliminate the need for
salt supplementation.

DEHYDRATION: Soldiers in hot environments universally
demonstrate dehydration of 1-2% of body weight. Command directed
drinking Is effective in moderating dehydration and must be enforced.
Dehydration profoundly reduces thermoregulatory and physical
capacity.

FEBRILE ILLNESS: Fever whether due to immunization or illnfss,
reduces thermoregulatory capacity and increases the risk of heat illness.
Soldiers recovering from fever will have increased susceptibility to heat
illness ev;en after all clinical evidence of illness has disappeared. Until
clearly able to manage no•rmal work rates in the heat they will require
increased command supervision and moderated work schedules.

FATIGUE AND UNDERNUTRITrON: The requirements of military
operations frequently produce lack of sleep, missed meals and limited
availability of water. All these fartors reduce thermoregulatory capacity
and increase the risk of heat illness.
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GOALS:
Preý,erve Unit Strength

Prevent Death and Disability from Heat Illness

S__es of Prevention

Primary Prevention

Identify soldiers and units at risk
Measure environmental heat stress

Analyze the mission or training for heat injury risk
Institute measures to reduce risk

Secondary Prevention

Recognize heat strain early
Provide water, rest, shade arnd cooling

"Treat heat casualties at the earliest possible moment

Tertiary Prevention

Treat heat casualties aggressively to moderate injury

8



PREVENTION OF BEAT ILLNESS

Introductlon

This section Is intended to be a practical guide to preventing heat,
casualties in military training and operations. 71Tb e first part. Introduces the
three interacting factors that influence the risk of heat casual ties: the soldier,
the environment and the mission. Thie second part discusses preventing heat
casuaties among recruits in basic training anid introduces the Appendices in
the hack of this handbook that cani be used to estimate safe Itinits for heat
stress exposure. T7he third part discusses operati.,ins placining to maintmize
heat casualties. The fourth section discusses medical planning and readiness
to manage heat casualties should they occur.

Heat casualties are the result of the interaction of three factors: the
condition of the soldier, the external heat stress froin the environment and
the internal heat stress required by the mission Medical officers should
assess each component in their, preparation of plans for, primwry prevention of
heat casualties.

The Soldier

A soldier is optimally capable to mnanage heat stress when he is fully

hydrated, physically fit, acclimatized, well nourished anid well rested.

lly4ration is the m-ost important elemnent in a plan to prevent heat
casualUj-:-. Full hydration is critical to the prevention of heat casualties
because it is essential to maintain both blood vofi-ire for tihermoreguilatorý'
blood flow and sweating. Both are reduced by dehydratiori. Conisequently. the
dehydrated soldier has less ability to maintain body lemperature in tbfý heat.

Water requirements arc not reduced by any foriti of irairili g or
acclimatization. Exercises to teac~h soldiers to work or fight with less water are
fruitless and dangerous.

I REM EM13ERI

Soldiers c&nnot reduce therinoregulatory wattr requiremnents by
water deprivation during training. Aecctixatization does not

reduce water requirements. Commanders must understand this
pririleand recognize Its logistic and operational imnplIcations.



Avoiding heat casualties requires that. soldifers driak enouigh water to
replace what they lose,. In hot envrironiment~s, soldiers do not drink enough
water to v~otuntaiIly to miaintain hydration. This phenoimenon has been called
"vrlwitary dehydration", although there is nothing willful about it. tII hot.
envtdronments, thirst Is riot stimulated1 until plasina osraiolarity rises 1 -21%
above thie level customarily found In temperate climates, Consequently, if
thirst is u~sed as the guide to drinking, soldie~rs will naiMntai r) themselve-s at a
level that is 1-2% dehydrated relative to their usual state. 1t soldlers are to
fully replace thc water they lose hi their daily activities and eliminate voluntary
dehydration, they muit under-stand the need to drink even though the~y ýare not
thirsty and leaders must enforce water drinking discipline.

Even in the face oi a ciear understanding of the. Inmjortanice of watcr anid
hydration, soldiers may decide that water drinking creates problem.,- -that
c&utweigh its importance. For example, soldiers may not drink before going to
sleep to avoid having to wake up and dress to urinate or they may rnot drink
befcre convoys if no rest stops are planned.

Units wnich have soldiers who do not drink because they do not have
opportunities to urinate hav,- a leadershiip problem. Unit leaders must
reinforce of hydration by planning for all aspects of adequate hydration:
elimination as well as consumption.

The medical officer must be aware that soldiers may not follow drinking
discipline. Be sure operations are planned so that drinking does not becomne a
problem. Be aware of the soldiers hydratilon status. Urine- color, body weight
chan.ge and orthostatic blood pressure change can all be -used as guides to
hydration.

CONSE UENCES OFEHDRAIO

Acutely. mnild dehydration (2-3% of body weight) reduces physical
capacity and heat tolerance. As dehydration progresses, cognitive
function deterkorates and both thermioregulatlon and physical capacity
become seriously compromised. 5-6% dehydration is incompatible with
further functioning.

Chronic, mild dlehydration is associated witli itoal stoners and
urinary mIncetiori. seve~re constipation, rectal afflictions and cutaneovis
drying.
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In hot envlrotunents. water losses can reach 15 1itersp per~~
Boldier. C oickplete replacement requires realistic estimates of potabht water
requirements, an adequate water logistic system' and sokliers 'who understand
and act on their wa`:er requilrement. Water for hygiene will be need~ed ill
additi-on to water for drinkirng.

There Is no advantage to carbohydrate /electrolyte beverages beyond
their, palatability which may encourage drinking. They should not be the sole
source of water as they can be mildly hypertonic.

Aerobic fitness provides the cardiovascular reserve to ina-intain the
extra cardiac output required to sustain thermoregulation, muscular work and
vital organs in the face of heat st'ress. In addition, regular strenuous aerobic
physical training will provide a small degree of heat acclimati7'ation.

Regardless of their phys'cal condition, however, soldiers who are
required to deploy on shojrt. notice to hot environments, will arrive incompletely
accUlnimJ1Atied. i,,rlýq; ýate qecclmgtization will require several days to achieve.
During Cals initial accllriýiSmatiaon period, soldiers must be provided copious
quantities of water and carefully supervised to prevent excessive heat.
exposure. If possible, work tasks shouid be regulated using work-rest cycles
tailored to the soldiers physical capacity by direct medical oversight.

lIn the first few days of acclimatizing, sweat salt conservation will not be
Culy developed. Salt depletion is a risk if soldiers are exposed daring this time
to sufficient heat or work stress to induce high sweating rates (> several liters
per day), pardcularly if i atlon consumnption is reduced. Salt depletion can be
avoided by providing a salt supplement tn the fi-)rm of salted water, (0.05 to
0. 1%). A 0. 1% salt solution can be prepart~d using t~he directions outlined in
Appendix A to thils handbook. Acclimatitzadion shoula ev~entuaI~y eliminate the
need for salt supplementation.

The requirements of military operatio ns frequently mean lack of sleep
,and- missed me,-ls. All these factors reduce thermoregulatory capacity and
incr-ease the risk of heat injuzy. Recommendations to planning staffs should
eii~piliasve theC irportwnce of adequate sleep and food to reduce the likelihood
of heat casuaRtift-ýs.

Coincidental ifinesses increase heat casuialty risk through fever i.'d
dehydration. Th'le conseqences of dehydration are discussed above. Fever,
whether dup. to himmun~zatioru or 1hliwss;, reduces thermioregulatory capacity by
reset ting thie hypothal am us towardl heat c'onservatio(n r a ther than heal.



dissipation. "Dhis phenomenon ellnminates the beneficial effect of
acclimatizaItion. Soldiers recovering fi'om fev'er will have increased
susceptblbity to heat ilhness even 'after al clirnical evidence of illness has
disappeared. Until clearly able to manage n~ormal work rates in the heat they
will require increased command supervision and moderated work schedules.

The skin is a vital thermoregulatory organ, Sunburn and the other skin
diseases of hot environments reduce the ability of the skin to thermoregulate,
Sunburn must be prevented by adequate clothing, shade arnd sunscreens.
Skin diseases are best prevented by adequate hygiene. Commanders and
logisticians must understand the importance of a functioning skin and provide
adequate water for washing.

Some medications will effect thermoregulatory adaptations and can
increase the risk of heat illness. A list of such medications is in Appendix H.

The Mission

The physical exertion required to accomplish a mission is an important
determinant of heat stress. Marching speed and route, load carried, work tasks
required and terrain covered all will affect internal heat production. Appendix
B categorizes various military tasks into four different work intensities. These
four categories of work intensity are used throu~ghout the remainder of the
Appendices.

The level of Mission Oriented Protective Posture (MOPP) required to
accomplish the mission affects heat strain in two ways. First, MOPP gear,
particularly the chemical protective overboots, adds to the work of movement

S~and increases internal heat production during the performlance of a task.
Second, the BDO and hood encapsulate and effectively isolate the soldier from
the environment. Consequently, the soldier creates his own microenvironment
within the chemical protective uniform. The "air trapped In the uniform is
warmed by the skin and saturated with water vapor fr~om sweat, so that the
solIdier's immediate environiment becomes extremely hot and humid. The only
opportunity to moderate the heat and humidity Inside the uniform is to
transfer water vapor mad heat through the fabric, Just the transfers the
uniforrns are destgx~ed to prevent.

Each alternative plan to accomplish the mission has Its own particularx
constra:ints on the availability of water, shade maid rest.

12



The Environments

"The environmental heat stress to which soldiers will be exposed must be
known if effective preventive measures are to be taken. It should be measured
in circumstances as close as possible to those hn which the troops will be
operating. It can vary tremendously over short periods of time and space and
in unpredictable ways. For example, on a sunny, calm day an open field may
have the greater heat stress than an adjacent forest, but, on a windy, cloudy
day the forest may have the greater heat stress. Heat stress indices calculated
for a whode post or region are only general guides. Particularly when
conditions seem extreme, on site measurements are essential. There is no
substitute for knowledge of local conditions.

The U.S. Army has adapted the WBGT Index as the standard metric for
environmental heat stress. Appendix C describes the calculation of the WVi3GT
Index and summarizes general guidance for regulating physical training
according to the WBGT value. A WBGT apparatus is available in the federal
supply system (NSN 6665-00-159-.2218). Appendix C contains directions for

I making a field expedient apparatus for ineasui mg WBGT.

There are four environmental characteristics that influence heat stress:
the air temperature, the solar (or radiant heat) load, the dew point temperature
and the wind speed.

Absolute air temperature (ambient temperature or "drsybulb"
temperature) is measured by a shaded thermometer to avoid any effect of
radiant heat. By itself, it is a relatively small contributor to heat stress. It is
weighted 10% in the calculation of the WBGT Index.

Solar load can be an important contributor to heat stress. Under severe
conditions, full sun on bare skin inm add up to 400 watts to an individuals
heat load. Solar load is measured by the black globe thermometer. The black
globe temperature is weighted 20% In the WBQT Index calculation.

Humidity determines the rate at which sweat can• evaporate and is the
principal component of the WBGT Index.. The rate of sweat evaporation is
determined by the difference between water vapor pressure at the skin surface
and in the ambient air, which are measures of absolute humnidity. The relative
humidity, which Is a measure of the saturation of ambient air with water
vapor, does n3,1 determtie the rare of sweat evaporation. The iimportaint point
to remember is that a chang.• In air [eml)('rat ore alone d1oes; not change the
absolute huiktilty of the atir; that is. the ralte of sweat evaporation and cooling
will iio•t chanlge JOt, b 1ecause air gets war'mer or cooler.
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The temperature reccrded by a wet bulb thermometer provides the
measure of absolute humidity for the WBGT Index. A wet bulb thermometer is
a shaded standard thermometer whose bulb is surrounded by a wet cotton
wick and exposed to moving air. The cotton wick cools as water evaporates
from it. The rate of evaporation depends on the absolute humidity of the
ambient air and is speeded by air movement. The cooling effect of evaporation
brings the temperature reported by the thermometer below that of the ambient
air. Drier air means greater cooling effect and lower wet bulb temperature.
And, in contrast, if the air is completely saturated with water vapor so that no
evaporation is possible, then the wet bulb thermometer will not be cooled
below the temperature of the ambient air. In this case, the dry bulb arid wet
bulb temperatures will be the same.

The wet bulb temperature is the most important component of the
WBGT Index, befitting the thermoregulatory importance of evaporation in hot
environments. The wet bulb temperature is weighted 70% in the WBGT Index.

Wind speed is an important factor in determining environmental heat
stress. Air movement increases convective heat transfer; cool winds reduce
heat stress, hot winds increase it. Air movement will assist evaporation. The
WBGT does not include any direct measure of wind speed.

14



Mi__mizinf Heat Casualties in Basic ra-,Iinin•f

Recruits are particularly susceptible to heat illness during basic training
hi hot weather. A number of reasons for their susceptibility are related to their
rapid transition from civilian life to a demanding schedule of physical and
military training. First, they are neither acclimatized to heat on entry nor as
physically fit as fully trained soldiers They need to become fit in a short time
and, so, quickly begin strenuous exercise. Second, they commonly suffer sleep
loss and dehydration. Third, contagious febrile illnesses are common. Fourth,
they are unfamiliar with heat illness and don't recognize early signs of heat
illness or understand the importance of early treatment.

Heat illness can occur in any component of basic training. Certain
activities, though, are associated with the highest risk. Those activities are
road marches, unit runs (including morning PT), evening parades and rifle
range marksmanship training.

Recruits doing road marches and unit runs have very high sustained
rates of endogenous heat production and muscular work. They usually
develop temperature elevations and, after 30-60 minutes, significant
dehydration. Both temperature elevation and dehydration are aggravated if
they begin their exercise dehydrated (as, for example, starting Just after waking
without directed rehydration) or If they are wearing a heavy uniform that
prevents loss of heat to the environment (for example, chemical protective
equipment) or if environmental conditions retard heat loss. The combined
elevated temperature, muscular work and dehydration lead to high risk of heat
exhaustion and heat stroke.

Heat casualties encountered at evening parades usually result from
dehydration developed during a day of vigorous physical training.

At first glance, one would not ordinarily associate a significant risk of
heat casualties with rifle marksmanship training. However, the association
exists because, rifle range training is often done during extreme heat which
prohibits other outdoor training. Recruits are exposed for long periods to
intense solar and ground contact heat loads without consideration to the heat
induced water requirement. Under these conditions, recruits develop
hyperpyrexla and dehydration.

15



In recruit training, primary prevention of heat ilhness is instituted
by using the following steps:

1. Assess the recruits who will be training. Consider their
acclhkratlzatlon, physical fitness and state of rest, nutrition and hydration.

Identify ,ndividuals or units at particular risk, for example, individual
recruits recovering from a febrile illnesa or L 'dlts Just beginning training.
Provide safe alternative training for those ideatified at increased risk.

2. Measure the environmental conditions in which the training will
take place. Remember that conditions can vary substantially even in a short
distance and in unpredictable ways. A shaded forest may seem to have less
heat stress because of the lower solar load, but may, in fact, have a HIGHER
heat stress because of high humidity and lack of wind.

Have the environmental conditions become more stressful
recently? Sudden increases in environmental heat stress are particularly
risky. Recruits who have acclimatized to a moderate degree of heat stress will
not be tolerant of sudden. more severe heat stress.

3. Assess the work load of the proposed training. What work rate and
duration is planned?

What uniforn will the training be conducted in? Recruits will
experience much greater heat strain in uniforms, such as the BDO, that
restrict heat exchange with the environment.

Will the recruits have the opportunity to remove or loosen portions
of tIe uniform during training? Unblousing trousers, removing jackets or
helmets can reduce heat stress considerably.

Will the recruits be protected from solar heat load? Although
loosening clothing can permit better evaporative and condi.ý'tive/convective
cooling, the skin and head should be proected from direct sun by shade or
light clothing.

4. From the conditbon Jf the recruits, the cr•nironmental conditioris, the
work rate and uniform to be worn, use the Appendices in the back of this
handbook to estimate water requirements and safe work times

Use APPENDIX B to judge the work rate imposed by the training.
Appendix B divides military work into four categories frlom very light to heavy.
These categories; are used throughotut the handbook.
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Running is much more demanding than even "heavy" military work. The
Appendices that use the Appendix B military work categories DO NOT
APPLY TO RUNNING. A separate Appendix D has been calculated for
running.

The two figures in Appendix B (Figures B-I and B-2) show the estimnated
rate of heat casualties in a unit for each work rate for WBGT Indices between 60'F
and 1 00°F. Feigire B-1 is calculated for soldiers wearing the BDU. Thie left hand
edge of each shaded area represents the number of minutes until 5% of a unit
would be disabled. The right hand edge of each shaded area represents the
number of minutes until 20% of a unit would be disabled, For example, a unit
of soldiers in optimal condition in MOPPO, performing moderate work at a VWBGT
Index of 90'F would be estimeted to experience 5% heat casualties after 70
minutes abd 20% casualties after 1.20 minutes if work continies uninterrupted.

It is ESSENTIAL to note that the estimates are calculations that assume the
soldiers are fully rested, acclimatized, and hydrated and that the soldiers are
euthermic at the start of work. In circumstances when those optimc conditions
are.not met, the estimates cu tolerance time nmust be revised downward. For
example, if the unit in MOPPO performing moderate work in a WrBGT Index of
90°F were suffering from dehydration, the time to 5% casualties would be
expected to be shorter.

At this time, factors to correct work time estimates are not available for the
various circumstances, such as dehydration, that can redduce heat tolernace.
Knowing this fact, unit surgeons can use the tables ard charts in the Appendices
as a starting point for work time estimates. iThen, usir)g their own knowledge of
the troops for whom they are responsible and careful judgemnenit, they need to
revise the time estimates. Since there is always variation among individuals and
units, when circumstances suggest the risk of heat casualties, a Surveillance
procedure to detect heat strain before significant casualties occur should be used.
APPENDIX I des(-ribes a field expedient surveillance technique.

"APPENDICES E and F aue calculated using the sane method as Appendix
B and using the same optimal assumptions. These two Appendices provide, in
addition to the 11-x1, lttIn work times, il-tihs of work rest cycles and



water, requirements for each of the four work rates, MCDPP status and WBGT
Index, Appendix E provides estimates for DAYLIGHT zonditions and Appendix
F provides estimates for NIGHT operations,

The first table (E-d) restates in tabular form the information presented
graphically in Figures B-1 and B-2 and adds another uniform category. the
BDO wo~rn over underwear. The table provides estiiiiates of the numnber of

mik-e owork a unit in optimial condition c--z, peixforxn until 5% heat

casualties appear. "NU] (No Limit) means that work can be sustained for at
least 4 hours wi1thout significanrt heat casualty risk.

Yhe next table- (E-2) estimnates the amount of sweat produced, on
average, by each individual in the unit that works -Lo the tolerance time. This
quantity multiplied by the hours worked is the anmournt of water each
individual must drink, in addition to usual daily) equirements, to replace
work-related sweat aid maintain normal hydrati.i)n. Because absorption
proceeds at rates comparable to sweat rates, md ~ntalning hydration requires
that water drinking be done during work. Attermpts to rehydrate just. during
rest will not maintain hydration.

Table E-3 lists the estimated amount of f~fme a unit needs to allow for
recovei-y to nonnal body tcmperaturt. after worLilng to maximum tolerance at
diffcrent WBGT hadices and in either MOPPO u~ MOPP4. The table assumes
individuals rest in the shade and are comyl ete., rehydrated. If units do not
have enough time to permit full recovery, their work tolerance when they
resume 'work wfill be reduced.

Table E-4 can be used wo estim.-v e work-rest cycles. Working only part of
each hour and using the rernainder of cachi h( or for recovery, a unit can
conitinue work in the heat for a longer time than working steadily to maximum
t. lcrwice. The table provides the estimated number of minutes of work each
hiýur that a unit call sustain for several hours with about 5% heat casualties.
"NU' (No) Limit) means that work rest cycles are not. needed: a unit cw-i work
continiuou~sly for tip to four hours at the given WBGTr Index, work rate and
unVhrni if hiydration 1s, maintained. "na" (not applicabkc) mea-rs the conditions
of vwork rate. environmental hceat stress aod m~ifforni cause so much heat
strest, thiat work--rest cycle techniques are niot adequate to permit Sustaifle(I
Work.

T able E-5 pr-ovides estlimates Of the hiourlyX 'swi!At ra-.te ini quar-ts per hour
d1uring the correspondingf work res5t cyclze (let ci inined from 'Fable F'?-4. To
nlilni t '11i lhydration, sweat l wrlneed to b e filu) rll'we:p1ad.



The maximum rate of water absorption is estimated to be about 1.3
quarts per hour. When sweat rates exceed that rate, gradual dehydration will
probably occur. Units who are working at high sweat rates will need extra
attention to hydration before, during and after completion of a sequence of
work-rest cycles. The water requirement assumes that individuals will rest in
the shade during the minutes each hour not actually working.

Appendix F is organized in the same way as Appendix E. It provides
estim,"es for water requirements, maximum tolerance times and work-rest
cycles for night operations. The heat stress associated with night operations is
less than for daylight because there is no solar heat load at night. The
estimates of recovery time from maximum work in Table E-3 apply equally to
night operations and can be used without modification with Table F-1.

Appendix D provides estimates of the number of minutes a unit can run
at a 9 minute pace (6.6 MPH, 10 KPH) before heat casualties exceed 5% at
various WBGT Indices. The values are calculated assuming the soldiers are
fully hydrated, rested and acclimatized. Times are given for two uniforms, the
light weight BDU or T-Shirt with shorts, both with running shoes. Running in
boots will increase the work load of running and shorten the safe running
tilme.

Minimizing Heat Casualties In Operations

Before any planning begins the unit surgeon must be functioning as a
full member of the unit staff. The surgeon niust know the soldiers, the staff
and the unit leaders. sThey, in turn, must have confidence in the surgeon.

The surgeon has a-n educational role as a unit prepares for operations in
hot environments. Soldiers must know the steps they call take to minimize
the risk of heat illness They must understand the importance of hydration.
nIitrition and skinl hygiene. They must know: that althotlgh thirsty
(lhlydrat ed, dehydrated does not = thirsty. They must be triained to re'ogniz/e
the siglns of heat illhess i their buddies aild the basics of buidy aid, Staff
miust undlerstand the critical lmportanIC ofwater to the unit so they cani

ilco'()rli)o lte t det I meltat waterr logistics allnd iillaiagellenIt. "'llitil plans 1 1111st ieot
aRdd il l)edilne its to watel discipline. Pla l -ers oust iiwt'orporate l (ltgradilnig
effect of heat ill their Oi)t'ratiolial bCh il-s by addhig rest and hydration
stops. Leaders must understailti the inlite ;I()(] tlie m1agilitiode of the tnlc'.l
t0a1t h11 stiAress pentto their 'uIhitS SO they ('ffl the ill port aiice

of rc(lIir¢•,ed it sitres. Small unit leaders iun st know,• the techtniquies
for unill •, l(,ia) .k in-thk hea idue stal-H the toi•dehuatc.
rep I i.en1W auitnd x( ork rest cv'. Ics.



The surgeon's participation in the actual planning process can be
thought of as four steps.

1. The surgeon must understand the Commander's intent and the
goals of the mission.

2. Each possible course of action proposed to accomplish the
mission or training must be analyzed ,o determine the sources of
risk of heat injury to soldiers and mission compatible measures
(such as: collective shelter, prepositioning of water supply points,
scheduling and routing to avoid extreme temperatures. work-rest
cycles and assurance of complete acclimatization) to reduce heat
casualty risk. The surgeon should assist the logistician estimate
water requirements to support each course of action.

3. The rate of heat casualties and required medical support
associated with each course of action must be estimated.

4. The estimates of casualty rates, mission compatible preventive
measures and medical support requirements for each course of
action must be integrated with the alternatives being developed by
the rest of the command staff.

As discussed In detail in the preceding section, the Appendices provide
quantitative guidance to estimate work rates and to select appropriate work-
rest cycles and water reqiiirements. It is essential to remember that the work-
rest and water requirement tables In this handbook are appropriate only for
sohilers in optimum condition. Units in less than optimal condition will have
lower thermal tolerance.

Important Points

Remove ary Inlpedlmelnts to drinking you can. Soldiers may rot dnnk
so thcy can avoid the need to urinate. Latrines must be as private and
convenlent as possible, compatible with good field sanitation. Troop
llovtfefets. whethti moanted or dismounted, must include opportunities for
hydratioi- and latrinc stop.;. Water should be as cool as possible. Flavoring
the water, if it can 1;e accomplished without Interfering with potability, will
increase intake. Cornimercial flavoring will Interfere with halogen disinfiection.

"Ihe sk qfeon must be aware of what is being seen at sick call. The
.1pjweiirMnce oi minor heat illnesses presagts more serious heat injuries. Unit-
wildt invetigation a.,ld interventlon at that point will avoid more serloi s

)r(ThL1 qs Know wl e• menedicaions that may intcrfere with thetroregulat o11
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(Appendix 1) are being used.

Skin exposure to sun needs io be discouraged. Clothing and shade are
essential measures to control heat stress. Heat stress Is not the only
consequence of solar exposure. Sunburn from unprotected solar exposure will
reduce the ability of the sklf.- to thermoregulate and increase the risk of heat
Illness.

Lack of sleep and food will reduce thermoregiilatomy capacity.

Medical Plannin-a and Readiness

Surgeons must assure the medical support is adequate for the
management of heat-dehydration casualties. Early recognition anid treatment
of heat illness wfll substantially reduce the morbidity experienced by the victim
and the load on the medical chain. Early recognition also allows early
intervention for a unit at risk. Immediate evaluation anid, If necessary, medical
intenrentlorn may prevent casualties Liid permitt a unit to remain effective.

Always have a casualty evacuation plan.

Surgeons servIng in areas where heat stroke risk need to be able to
cool patients by some means planned, practiced and, when possible, preparec6
in advance. Shady. ventilated shelter will be required. Cooling baths or water
filled pits are effective cooling devices. Cooling by, immers~on or spraying -will
consum.e at least several gallons of cool water per patient. Medical units
preparing to manage heat. stroke patients need to have adequate water
supplies available.

Thbe unit surgeon needs t0 monitor die condition of the soldiers for whom
he/she is responsible, reCOgnize theO- plesence of increased the., risk of beat
injury due to the condl~on of the soldiers, the environment or the mission and
recomnmend or, enact those measures that are possible in the context of
cperat~ions te moderate the COTI(itions.

The unit surgeon must Ir-ain the uuITI to cope with heat stress. All
mer~ber of he nitshoud b abl torecnize the early signs of heat illness

arid provide buddy aid. The Ccc-ih.t life.sav'rs anid medics must be ahle to
recognize and treat heat Illness aid lnxplernerit measures to reduce die dask of
-Additio~na1 castialt'es. Unit leadefrs must unlers'a~n the threat of f eat t-) lhd*A,
unit anid the management of Ul~t !TflV?! d 0m IoeatiOns to m-iftnimizeC heat
ocasuallies
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MANAGEMENT of HEAT ILLNESSES

Heat Exhaustion

Heat exhaustion L', the most commonly encountered form of heat illness.
It occurs when the cardiac output is insufficient to meet the competing
demands of thermoregulatory skin blood flow, skeletal, muscle and vital organs.
Heat exhaustion is usually due to the combination of increased circulatory
load due to thermoregulator~y and muscular demand and reduced "effective"
plasma volume andivenous return due to vasodilation in skin aid muscle and
sweating.-induced depletion of salt and water. Heat exhaustion, by definition,
is a "functional" illness and is not associated with evidence of organ damage.

Classically, heat exhaustion has been divided into two forms, salt
depletion heat exhaustion and water depletion heat exhaustion. In practical1
clinical terms, neither entity is encountered in a "pure" form; rather, classic
heat exhaustion always includes elements of both water and electrolyte
depletion which are present in variable proportions.

Pathogenests

The proximlate ca~.ise to heat exhaustion is the inability of the
ca-rdiovascular system mneet the demands of thernioregulatory, muscular and
visceral blood flow, Trhe fluid and electrolyte depletion associated with
exposure! to hnot environments acts syri-ergistL Zally with the inecrased demand
for c-ardiac output by reduclng the volume of extracellular fluid avtailable for
the :mairUtcna~ne ct! plasina volume -b.ýd venious return.

Salt dr~pletioi lit how environnments aevelops fromn increased salt loss in
sweat (particularlyiamong the unacclitriatlzed) mnd reduced salt intake dlue to
anorexia. Sa~lt depletfon usually develops over several dlays, so the contraction
of extracellular fluid is gradual and symptomns develoIcp slowly. The reduced
extracellular fluid volumie prodaces symptoms of fatigue and orthost.Atlc
dizzin.-ss. Because salt depletion does no)t produce intracellular L"vpei-onlcity,
thirSt is Uot promlinenlt Un1til the, extr *r'ed'ilar fluid volucie (EICF) has
contracted enough to cause volumerc stim lulation of thirst. Nausea and
vorn'ti~ng arc, common but ef unk-noxn m11"eharlisn. Hleniocontrentration occurs
due to the eo-itraotion of ECF, A.s~ ,t apsre a cexummon acc~onmpanimen(t
of SaIlt depiction1 (s"e Heiat (-n-unlis h lo\ I PslaSirl (.plept~ofl commonly
aecoru)p >riines Salt dfoWI iom dtue ýo di 11,1 k Sfed Itntakec and inufiit.i aloorticoid
drIiveni k:11iu-rests. Frank hywvkalcm iaL is ncoio



Water depletion in hot environments develops from swveat rates
sufficiently In excess of water replacement rates to produce hypoertonic
dehydration. Even though the loss of water occurws from both ýnthraceilular anvd
extracellular compartments, the i ate of dehydration Is z.isually quite rapid and
symptoms evolve quickly. Th-irst is prorrib-ent due to hypertunicity. Oliguxia,
clinical dehydration, t~achycardla and tachypnea untli symptomatic
hyperventilation are all proininent clinical features.

2. Di gpos-Is

Presentink coni~aints in heat exhaustion iriclude: thirst, synicape,
profounJ physical fatigue, nausea, vomifing. synip~oratle hyperventilation
with acroparesthesia aid carpopedal spasm, dyspnea, muscle cra-Mips,~
confusion, anodet'y and agitation, mood change, orthostatic di.-,ziriess, ataxia,
liyper~laermla and frontal headache. 'Me symptoms of heat -exhaustion are
non-specific and no combination of presenting symptoms and signs is
pathognomionic. Each patient requires careful clinical evaluation addressed to
the presenting complaint.

Heat eyhaustlon is frequently superimposed on other conditions that
increase circulator'? load, such as febrile illness, or produce fluid -electrolyte
losses, 3uch as gastroenteritis.

At the first opportunity the followir.J objective data should be obtained to
support the clinical analysis and management of potential heat exha~ustion:
careful vital signs including orthostatic blood prescure and rect al temperature,
C13C (inclUding platelet count), serum elec~trolytes. BUN, tcreatinine, glucose
,d A, XV. If heat stroke is suspected, Fr, AlV71. F'ibrin split products or,

analog, liver emzymes, CK isoenzymes, ECG and CXR1 should be obtained as
soon as possible. Other data are obtained as needed to conplicte the
differenti'ial diagnosis of the presenting compliant. R~ectal tiunrper'ature should
be frequently monitored to ensure that core temnperature is falring to
norniotherm-ic ltuvvls.

3. Mwia~emenin

The m-anagei-neni of heat exhaus;W2ii is 0fii dete vo co- e'_ eUnfjý the two
path og e Ac comnponents~ of the Illness. cxcocssiv'ecaito dl ernand and
water-electrolyle depletion. TIhe lea,ý,d ort !he hearf I- :educcd by rest and
C0o1ing, Watuer-electrolyte depledocn is ci,)rredctd by adminiqter-ing oral or
p~arenatf'al fluids,



lHeat efýt austed patients do not. REQUIRE active cooling measures;
removal of hea'.y� clothing and rest in a shaded and ventilated space provides

an adequate oppoortunlty for spontaneous cooling, However, if available, cool
water can be used to cool the skin. The consequent cutaiierus
Va,,ocn,,tr1ctUor will rapidly reduce circulatory demand and improve venous
return.

Heat c. ' *a ,stloi casualties retain the ability to cool spontaneously
if removed frcrr the stressful circumstances. However, spontaneous
cooling is xece""-sarily observed only AFTEI cooling has occurred. Since
caswudties wit.h heat stroke and heat exhaustion are hard to distinguish
initif '!y, medical personnel who elect to delay active cooling to see if a
casumIty can spontaneo.'isly cool, will occasionally fall to provide
immee'ate active cooling for a casualty with heat stroke. The SAFEST
COUiKS1 is to provide active cooling for all casualties who are at risk f3r
he 1 t stroke.

Intravenous fluids replenish the extracellular volume quickly. Oral fluids
sufficie for those patients who can take fluids wiLthout risk of vomiting.
However, clinical observation suggests parenteral fluids produce more rapid
recovery than oral fluids, probably because of the slo')rer absorption of oral
fluids. Patients with evidence of clinically sigificaut plasina volume depletion
(tachycardia at rest or ordhostatic signs) shouid mlitlaiiiy rcueive normal saline
In 200-250 cc, boluses In an amonit sutfiritent to testow rci•ar circulatory
finctlon. No more than 2 liters of NS should tle administered without
labotatory surveillance. Subsequent paientcral fluid replacement should be
D5/0.5 NS o- D5/0,.2NS. Individuals with sigdificant salt depletion have
cctnc(dent potassium depletion, often anmounting to 300-400 meq of KC1. To
begirl the restoration of the potassium deficit, inclusion of potassium it,
parernteral fih*kis after vaInme resuscitation is appropriate if there is no
evidence of renal insulffiien•y or rhabdornyoly sis. O;da fluids ,should not b,-
given itntil all risk of vomiting has abated. Significant h3q)ernatreinia should
be cor-ectei slowyf t, avoid cerebral edema.
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4. Recovery and Profiling

Patients with heat exhaustion experience rapid clinical recovery.
However, they all need at least 24 hours of rest and rehydration under first
echelon or unit level medical supervision to reverse their water-electrolyte
depletion.

Any patient in whom the diagnosis of heat stroke is possible will need at
least 72 hours to complete an adequate period of observation, rest and
rehydration at a second or third echelon MTF. Patients who are clinically well
but still being observed can be assigned supervised light duty at the MTF if
shade and water are plentiful. Under no circumstances should they be
reexposed to significant heat stress during this period.

A single episode of heat exhaustion does not imply any predisposition to
heat injury. No profile is required. An attempt should be made to determine
the reason for the heat exhaustion, e.g., insufficient work-rest or water
discipline, coincident illness or medication, etc. The individual should return
to his unit with advice, both to the soldier and the chain-of-command. about
how the incident happened and how to avoid similar episodes in the future.

Repeated episodes of heat exhaustion require thorough evaluation.
Soldiers should not be returned to duty. They should be evacuated to a
referral facility with a temporary profile against heat exposure.
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Heat Cramps

1. Pathogenesis

The etiology of heat cramps is not known. Generally, heat cramps occur
in salt-depleted patients generally during a period of recovery after a period of
work in the heat. Whole body salt depletion is thought to be associated with
the cause of the muscle contraction of heat cramps. Salt supplementation has
been found to reduce the incidence of heat cramps in industrial populations at
risk.

2. Lia.gr inosis

Patients with heat cramps present with painful tonic contractions of
skeletal muscle. The cramp in an individual muscle is usually preceded by
palpable or visible fasciculation and lasts 2-3 minutes. Cramps are i ecurrent
and may be precipitated by manipulation of muscle. The cramps involve the
voluntary muscles of the trunk and extremities. Smooth muscle, cardiac
muscle, the diaphragm and bulbar muscles are not involved. Pain in cramping
muscle is severe. There are no systemic manifestations except those
attributable to pain. I -espite the salt-depletion associated with heat cramps,
frank signs and symptoms of heat exhaustion are unusual. The cramps can
occur during work or many hours after work.

The diagnosis of heat cramps is usually straightforward. The differential
diagnosis includes tetany due to alkalosis (hyperventilation, severe
gastroenteritis, cholera) or hypocalcemia. strychnine poisoning, black widow
spider envenornation or abdominal colic. These entities should be
distinguishable on clinical examination.

3. Management

Replenishment of sAlt orally or parenterally resolves heat cramps rapidly.
The response to therapy is sufficiently dramatic to be valuable in the
differential diagnosis. The route of administration should be determined by the
urgency of symptom relief. Salt tablets should not be used as an oral salt
source. If oral salt replenishment is to be used to treat heat cramps, use 0. 1%
salt solution. (SEE APPENDIX A)

No significant complicatioIns have been reported from heat cramlps except
muiscle soreness.
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4. Recovery and Profiling

Patients with heat cramps usually have substantial salt deficits (15-30
grams, 2-3 days usual dietary intake). These Individuals should be allowed 2-
3 days to replenish salt and water deficits before resuming work. in the heat.

An episode of heat cramps does not fmply any predisposition to heat
injury. No profile is needed except to assure an adequate period of recovery.

As with heat exhaustion, an attempt should be made to determine the
reason for the episode so that appropriate advice can be given to the soldier
and chain-of-command to avoid future episodes.
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Heat Stroke

HEAT EXHAUSTION VS. HEAT STROKE

At presentation, the dist nction between heat exhaustion and heat
stroke, in all but the most extrm, me cases, is impossible. Individuals who
do not respond dramatically te rest and fluid-electrolyte repletion should
be observed for 24 hours with laboratory surveillance for the delayed
complications of heat stroke. Encephalopathy, coagulopathy or
persistent elevation of body temperature suggest the probability of
severe heat stroke. Immediate institution of active cooling and
evacuation to a rear echelon hospital is req. Ired. Active cooling should
be continued throughout evacuation.

Since the renal and hepatic complications of heat stroke can be
delayed for 48-72 hours, any evidence of renal or hepatic injury during
the initial 24 hours of observation should lead to the presumptive
diagnosis of heat stroke. These patients should be evacuated to rear
echelons for further evaluation, medical care and rehabilitation.

1. Pathogenesis

Heat stroke is distinguished from heat exhaustion by the presence of
clinically signiflctnt tissue injury. The degree of injury appears to relate to
both the degree o2 temperature elevation and duration of exposure. Since the
degree of illness ia patients with heat stroke is not entirely predicted by the
magnitude of temperature elevation and duration, other pathogenic factors
Including tissue ischemta, hypokalernia, exercise induced lactic acidosis,
endotoxerila, and activation of intravascular coagulation probably have a role
in the evolution of heat stroke.

Heat stroke occurs in two settings sufficiently different to produet?
different cilnicnd pictures anid management. "Classical" heat stbroke occurs in
individuals, fveqlend lY with impaired therlfloregulation ducle If ilness or
medlcation. exposed passively to heat anJ dehydrat 4on. It Is px,,inclpally 11i
epidemnic dttfllctloil of you.,. g chi•tren ind eldev ...V occrritug (iu.n,-ng uL-rbsin ht
waves. "Exertlonal" heat stroke occurs ir) phy;sicilly active h tdtvl1duals
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experiencing substantial endogenous heat loads. The primary clinical
difference between the two is that exertional heat stroke is complicated by
acute rhabdomyolysis with consequent renal failure.

Five organ systems, the brain. hemostatic, liver, kidneys and muscle, are
the principal foci of injury in heat stroke.

Encephalopathy is a sine-qua-non of heat stroke. Its presentation
ranges from syncope and confusion to seizures or coma with decereb'rate
rigidity. The etiology of encephalopathy is not. known,

Coagulopathy due to DIC is cormmon. The principal causes of DIC seem
to be thernal damage to endothelium, rhabdomnyolysis and direct thermal
platelet activation causing intravascular microthrombl. Fibrinolysis is
secondarily activated. Hepatic dysfunction and thermal injury to
megakaryocyte-s slows the repletion of clotting factors.

Hepatic injury is common. Transaminase enzyme elevation, clotting
factor deficiencies and Jaundice can are be seen in the course of heat stroke.

Renal failure following heat stroke can be caused by several factors:
myoglobinuria from rhabdomyolysis in exertional heat stroke. acute .tubular
necrosis due to hypoperfusion, glomerulopathy d,'ue to DIC, direct thcrmai
injury and hyperuricemia.

Rhabdomyolysis is a frequent. acute compl.icatiox', A ,!eýýertlonali heat
stroke. Acute muscular onecrosis rel'ease,,: ku-ge qixuaýntities of potassiam.
myoglobin, phosphate and uric, acid and sequesters calicitumi in the exposed
contractile pr-oteins.

If heat stroke is suspected and teniperoavure is elevated,
cooling should not be deliyed to accornpPihf a diagnostic
evahination. Cooling an d evaluation should pi-oceed
slmrultanw iisly.
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2. Diagnosis

Heat stroke presents as collapse with variably severe encephalopathy
and hyperthermia. There may be clinical evidence of dehydration,
coagulopathy or shock.

The differential diagnosis includes infection (particularly
meningococcemia and P. falciparum malara), pontine or hypothalamic
hemorrhage, drug intoxication (cocaine, amphetamines, phencyclidine,
theophyllinc, tricyclic antidepressants), alcohol or sedative withdrawal, severe
hypertonic dehydration and thyroid storm.

Laboratory evaluation should be directed by the differential diagnosis
appropriate for the clinical circumstances. Patients Vith heat stroke require
serial monitoring of platelets and plasma clotting factors, renal and hepatic
function and electrolyte and acid-base status.

The patient with heat stroke requires early evacuation to medical
facilities with intensive care capabilities. Active cooling should be
started immediately and continued during evacuation.

3. Management

a. Emergency Care

I. The chktical outcome of patients with heat stroke is priniarily a
functi'on of the magnitude and duration of teminperature elevation. Thtrefore,
the [Host n),portaJnt therapeutic measure is rapid reduction of body
temperature. Any effective means of cooling is acceptable. A varietv of
te(chniques have been 1 u;ed. No p-irti,-ular technique has been mnequi ,,ocally
demonstrated to he stioerior.

limmer,:on in cool or Iced walei( with skmi raassage is a classic
technique for coodliig htiat stroke p'~t{ 'tt . Both have d('1inolistratei,
efiectivc ness in lowrflg body t1iflTHei ,t ce. Ice water pI o)ably produces tlW
IIo ,,t rapid rate of' cio!ing.. 1owex , I i(r I. ter- is an uncoll-tort )le
cnIVx-orineIlerit In whichP t(-) wolk aI-nd, II the tfield, IS verPV (ciflichlt to ol.)taltI
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Conscious patients will occasionally fight ice water immersion complicating
management. Cool water is less demanding logistically and less uncomfortable
for the medical attendants. In hot dry environments, field expedient immersion
baths which will keep water cool can be constructed by digging plastic-lined
shaded pits (The water Is cooled by contact with cool subsurface sand and
surface evaporation.) or by rigging shallow canvas tubs in elevated frames in
ventilated shade (The water is cooled by evaporation form the wetted canvas
surface. In the case of canvas tubs the water can cool to nearly the
atmospheric dew point temperature, often as low as 50 F in deserts.) If
immersion devices cannot be prepared in advance, cool water can be kept
available in Lyster bags. Heat stroke patients frequently have diarrhea and
vomiting. The water immersion baths should be disinfected between cases.

Although not as effective as immersion, cooling can also be
accomplished by wetting the body surface and accelerating evaporation by
fanning. Tlhe water can be applied by spraying or by application of thin
conformin% cloth wraps (sheets, cotton underwear).

Circulating cooling blankets (unlikely to be available in the field
situation) will also lower body temnperatuire. Although cooling blankets have
the advantage of mai ýtainlng a dry working environment, their limited contact
surface provide slower ceoling thma immersion or surface wetting techniques.
Their best use is probably maintaining normal body temperature in the period
"after rescusitation and rapia cooling where temperature instability is
cha racte-istic.

Invasive cooling techniques have been tried including ice water
lavage or enemas and peritoneal lavage with cool fluids. These techniques d3
nt) proviie fa.ter cooling and have the additional disadvantages of potential
coniplicatiorns :,nd ,,atlbstawttlal inappropriate fluid loads. These techniques are
not recoll iIld e(l,

While cooling is underway, rectal temperature should be closely
mno .itored. Active 'ocling shouh l)(d be diScOntirLuedi when1 the rectal teinperat tre
reaclhe! 39"C to avoid hypotnernla.

iii. Ileat siir,)ke patients usually do not require aggressive fluid
rescut1.tat ior•. Fluid reqkfirciie; i!s of I to 1.5 liters in the first few hours are
typLdal. Over-repla_ ernent carries tU,- risk of congestivc heart failure, cerebral
e(ellea aUid puli JIlUa-y ede(mfa. Since 1Ie'it stroke patients are freqiueintly
hyt)og] y'emic, Olh i tialt 1ii ,id sholuld inclu tc dextros..



Hypotensive patients who do not respond to saline should receive
inotropic support. Isoproterenol has been reported anecdotally to be helpful.
Careful titrated use of dopamine or dobutamine is also reasonable and has the
potential added advantage of improving renal perfusion.

Pulmonary artery wedge pressure monitoring should be used in
patients with persistent hemodynanic instability.

ill. Airway control is essential. Vomiting is common an.d
endotracheal intubation should be used in any patient with a reduced level of
consciousness. Supplemental oxygen should be providud when available.

iv. Patients are frequently agitated, combative or seizing. Valium
is efi ctive for control and can be administered Iv. endotracheally or rectally.
The sedated heat stroke patient should be intubated. Nasogastric intubation
to control vomiting should be done as soon as practicable.

v. Hyperkalemia is the most life threatening early clinical
problem. Measurement of plasma [K] is an early priority. Tall T-waves on the
surface electrocardiogram are consistent with hyperkalemia but not definitive.
The interpretation of plasma [K] early in the clinical course of heat stroke is
difficult due to confounding electrolyte and acid-base disturbances. Clinically
significant hyperkalemria is manifested by electrocardiographic changes
including increased T wave amplitude, slowed A-V conduction with widening of
the P-R interval, diminishing P wave amplitude and "sine wave" ventricular
rhythms. Hyperkalemia greater than 6.5 meq/l or with electrocardiographic
changes should be treated. Glucose (50 gmis slow iv), insulin (20 units of
regular insulin iv) and sodium bicarbonate (1 -2 amnps iv) will lower plasma [K1
within minutes. Serious ventricula- dysrhylhmlia should be treated with iv
calcium gluconate (i-2 amnps). Cardiac monitoring and electrocardiography
can be used to supplement laboratory monitonug tor changes in p'asma
potdassiun (T wave amt.)litude) and calcium (QT interval).

vi. Acute renal injury is comnnion in exertionad heat stroke.
Urli al-v catheterization to monitor uritic output and obtain urine for [Nal
should be done early. The oliguric patient with a casts, piggmenturia or red
celis a i a urine [Na] greater thanl 30 1iieq/l (btefore diulletics) has a high
likelihood of acute renal failure. Early manag.emi.enmt of suspected acute renal
ftilnhre should include assurin.k adt(euate- r-enlal pwrit sion and ma;nnitol (12.5--
25 grams iv).



b. Continuing Care

After cooling and herriodynarnic stabilization. continuing care Is
supportive and ts directed at the complications of heat stroke as they appear.

I. Patients with heat stroke frequently have impaired temperature
regulation for several days with alternate periods of hyperthermia and
hypothermia. Constant: monitoring is essential and clinically significant
deviations in temperature may require either cooling or warming measures. It
is imporftant to remember that changes in temperature may be due to reasons
OTHER than hypot-halamnic instability, such as infection.

ii. The effects of rhabdomyolysis that require management are
renal injury due to myoglobinuria and hyperuricemia, hyperkalemla.
hypocalcemnia. and compartment syndromes due to muscle swelling. Assurance
of adequate renal perfusion and urine flow will moderate the n~elphrotoxlc
effects of rnyoalobin and uric acid. Hyperka-lemia can be i-ana,,,ed by
kayexalate or dialysis. The hypocalcenia. does not usuall,1 require treatment.
Increasing tenderness or'&i~eslon 1.n a muscle compartment may represent
increasin~g intracornpart-nental pressures. Direct mneasuremen~t of'
intramuscular pressure ~rfasciotorn should be considered at this poInt. Pain
and paresthesta may not signal the compartment syndrome u-ntil permanent
damage has occurred.

iii. Prognosis Is worse in paticenits wit~h more severe d'grees of
encelphalolpathy. Permanent neurologic sequ,.elae can deve'op after heat stroke
including cerebellar ataxia. paresis seizure disorder and cogi dive dysfunction.

Management of encephalopat~hy is supportive, directed at
minfiniinzing cerebral edemia by avoidIing fluid overreplacement and assuring
Ilelio(INil8.Illic, tlwrmnai and metabolic stability. Intravenous iman-nitol has
beel) used to I real if threatening cererbral edema111 if'renlal function is adequate.
111 c f't 1'ccv of (hL'xaitletI 1s()1ic for t reat ing heat stroke induced cereb~ral edema
is not) kntoVVn.

Ncurologic d(et eriorat ion after initial recover i- Judy rep~resent
Iinn-;r8 (11 iili hemorrhage rel- t edl to 1)1( ",or heinatomia relatedi to traumia
o1.rQ('( )gilizedl "tt the( till'.( of' iPlita preselitat foxil

iv ol)elli:81Coii i~~(tIW(oes not requirel- :AtienalwgelrL(Iit.
(1Iiiic ,i11v siolIQIical.- ic l~imej!1 is ~IIii iitnmis signl, Treatment is directed at
rldI1(i~ll) th iOw I'h WeI~ l~toi8 1ý 'I1)ckclafeiclt of (ielietCei cliottinlg i8ctol.)s.

h1'tir1\,11cU( it'll I. ýIf 1(':0) hc si. ývcd h1w huri-In infliritmi (5*f7 units/lkg per
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hour), followed in 1-3 houi-s by fresh frozen plasma and platfA,+As. The
administration of heparin will interfere with'the usual laboratory measures of
coagulation. However, successfiul management leads to a decline in indices of
fibrinolysis (for example, fibrin split products). FHeparin is tapered grnadually
over 2-3 days as directed by laboratory evidence of control.

v. Man-agement of ac-ute renal failure requires exquisite attertion
to fluid and electrolyte balanc.-. Uremic metabolic acidosis and hyperkalemia.
require dialysis for conitrol.

vi. 'Other complicationsi include gastrointestinal bleeding. jaundice
due to hepatic Injury, aspiratioai prneumoinla, noncardiogenic pulmonar~y edema
and myocardial Infarction. Immunolincoinpetence and infection are late
complications, particularly in patients with severe renal failure.

4. Recover and Profilina

Patients with heat stroke will require prolonged con-vales cence. 'M ey
should receive profiles restricting heat exposure until clinical recovery is
complete and their heat tolerance has been evaluated.

Htat intolerant individuals are conshiered to hove eithier limited
thermoregulatory response to heat stress or kimited capacity for heat
acclimatization and, therefore, be predisposed to heat Injury. Certain diseases
are well known to cause heat intolerance (a classic example is congenital
ectodermnal dysplasia in -,hich sweat glands are absent). Heat stroke has been
con.- idered to be evidence for heat intolerance. H ow-ver, a recent study was
able to demonstrate measurable heat intolerance in ,,.-y I of 10 in~dIviduals
aftei, recovery from heat. stroke.
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Miw'~r Heat Illnesses

1. Miliaxia RubrgýJ~tiarja Profunda aind AnhidrotIc Heat Exhaustion

Mliliaria rubra is a subacute pruritic, inflameid papuloveslc-ular skin
eruption which appears in actively sweating skn exposed to high humidity.
hi dry climates, miliaria is cowInlfed to sk-in sufflciently occluded by clothing to
produce local high humidity. Each mifilarial papulovesicle represents an
eccrine sweat gland whose duct is occluded at the level of the epidermal
stratum granulosum by inspisl.-ated organic debris. Eccilne secrctlons
accumulate in the glandular portion of the gla-nd and Infiltrate into the
surrounding dermis, Pruritus is increased with increased seating. Miliarial
skin cannot fully participate in emoeuacysweating, anid there;ore, the
risk of heat illness is increased in proportion to the amount of skin surface
involved. Sleeplessness due to pruritus and secondaiy intection of occluded
gland,; have systemic effects that further degrade opthimal thermoregulation.

Miliaria is treated by cooling and dry)ing affectced skin. avoiding
conditions that induce sweating, controlling infection and relieving px-uritus.
E ccrine gland function recovers -vith desquaniation of the effected epidermis,
which takes 7 to 10 days.

Miiliaza that becomes generplized and prolonged (miltaria profunda) can
c~ause an uncomnmon but disab~ling dit-order: anhidrotic heat exhaustion. (or
tropical anihidro tic asthýnia). The lesions of miliaria profunda are presumed to
develop from persistent miliarial lesions, by superimposing inflaynmatory
obstruaction of the eccrine duct belowA the epidermal leve! of the inciting
obstruction. The lesions are truncal, noninflanieA: papular, with less evidence
of vesiculation thwi the lesions of mniliaria rubra. They may only be evident
dui-ing conditions of active sweat production. Sweat does not appear on the
surface of affected skin. 'The lesions are asymptomatic, which may exp).iatn
why the patienit (noes not seek medical ev'aluation early in the course.

Miliaxqia profunda causes a marked inhibition oi thern-ioregulatiory
s,.;veatlng and heat intoleranc~e s-imilar to that of ectorderm~a. dysplasia.
Symptonms of heat exhaustilon -And high risk of heat stroke occur undeIr
conditions well tolerated by otler individuals. Management of miliarMia
pm oitnda requires ev.acuation to a coolor envivronineni for several weeks to

adow restoration, of normal eccrinegl -id~( frmnclion.
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2. Heat Svncale

Syncope occurring on standing tin ai hot. envirorunent has been called
"heat syncope". Heat syncope is prebably not a discrete clinical entity,
Rather, thermal stress increases the risk. of classic neurally-mediated
(vasovagal) -ýyncope by aggravating peripheral poohiag of blood in dilated
cutaneou~s vessels. No special heat-related signlifcancc should be assigned to
syncope occurring in these circumstances. Clinical evaluation and
managerment should be directed toward the syncopal episode, not potential
heat illness.

However, syncope occurring during or after woRk in the heat or after
more than 5 days ot'heat exposure should be considered evidence of beat
exhaustion.

3. Heat Edemra

Mild dependent edema ('deck legs") is occasionally seen during the early
stages of heat ex~posure while plasma volume is expanding to compensate for
tLhe increased need fbr thermioregi ilatory blood flow. In the absence of other
disease, the condition Is of no clinical significanice arnd will resolve
spontaneously. Diuretic therapy is not appropria,,te and may increase the risk
of he~at illness.

4. Sunburn-

Sunburn reduces the thermoregulatory capacity of skin anid, as any
injury, has systemnic effects, including fever', tha,3t Influence. central
thennoregulation. Suniburn should be prevented, by insisting on the use of
adequiate sun protection. When it does occur, effected fr),iPvidual-s sh~ould.~
kept fromi significant heat strain until thle burn has:V healed..

ý5.Ha tetar, v

Heat tetan.y Is a rare condition which occurs .in individuals acutely
eKposed to ov'erwhel IIIi ng h~eat strness. Ext rernely sevex heat stes tdtce:xi
hyperventlt.Aion which appears to be thie principal path ophysi oogic edoiolo,$y,
The inanifestations of he~at tetwry are characeteristic (of h 'iyperven Ilatifon. '11K-ýy

lndd( rspraoryaia~;1scarpopedal part6 an suop. ana g,.mexACn
rcequired removal from heat and conti o. fhprenti~ Oehydratlor, anld
Sal! de~pletioni a:,, not~ prominhInir featilIrs
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KEY PO TS AND REMENDERS

L. Successful prevention of heat casualties is more important to
the unit than their treatment.

2. Your success in preventing heat illu.esses will depend on your
skill as an educator and trainer.

3. To influence the conduct of an operation or training, yov, must
integrate yourself into the planning process.

4. Be alert to early signs c(f dehydration and heat illness. They
iorewarn of more severe casualties to come without intervention.

5. Be sure there will :e enough water when and where you need
't. Never forego water planning.

6 Thle skin is a vitzal organ in the heat. Its care is more than just
obr cornfcrt or aesthetics.

7. PWeducing heat load reduces water requirements. Use shade
and night as much as possible.

39i
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APPENDIX A

1. PREPARATION OF 0. 1 PERCENT SALT SOLUTION

A solution of 0. 1 percent table salt In drinking water may be prepared by
one of the following general methods:

a. Adding table salt directly to the drinking water using any of the following
proportions:

2 ten-grain salt tablets* dissolved in 1 quart canteen

4 ten-grain salt tablets* dissolved in 2 quart canteen

1 1/2 level mess kit spoons dissolved in 5-gallon can

9 level mess kit spoons dissolved in Lyster bag

1 level canteen cup dissolved in 250-gallon water trailer

*Salt tablets should be
crushed before attempting to dissolve them.

2. PREPARATION OF A SATURAFED SALT SOLUTION (approximately 26
percent) and ADDING SPECIFIC QUANTITIES OF THE SATURATED SOLUTION
TO DRINKING WATER TO MAKE A 0. 1% SALT SOLUTION

Saturated Salt Solution is made by adding nine level teaspoons of table
salt to 2/3 of a canteen cup of water. Saturated salt solutions are NOT safe to
drink. Be sure saturated salt solutions are properly diluted.

0. 1% salt solution can be made using saturated salt solution added to
plain, potable water in any of the following proportions.

1/8 canteen cap (I qt size) added to I quart canteen

1/4 canteen cap (2 qt size) added to 2 uar-t canteen

I mess kit spoonful added to gallon

5 mess kit spoonsful added to 5-gallon can

1/2 canteen cup added to 250-gallon water trailer
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APPENDIX B

Work Intensities of Military Tasks

WORK INTENSITY WORK INTENSITY
IN MOPPg-1 ACTIVITY IN MOPP24

Lying On Ground
Standing In Foxhole

VERY LIGHT Sitting In Truck VERY LIGHT
Guard Duty
Driving Truck

Cleaning Rifle
Walking Hard Surface/

2.25 mph No Load
LIGHT Walking Hard Surface/ LIGHT

2.25 mph 20 kg Load
Manual Of Arms
Walking Hard Surface/

2.25 mph 30 kg Load

Walking Loose Sand/
2.25 mph No Load

Walking Hard Surface/ MODERATE
3.5 mph No Load

Calisthenics

MODERATE
Walking Hard Surface/

3.5 mph 20 kg Load
Scouting Patrol
Pick And Shovel
Crawling Full Pack HEAVY
Foxhole Digging
Field Assaults

The work intensity categories
Walking Hard Surface/ of this table are based onWalkig Had Surace!metatboi~c expendiwuras.

3.5 mph 30 kg Load

Walking Hard Surface/ evry Light - 105 to 175 watts

HEAVY 4.5 mph No Load Light - 172 to 325 wattsModlervAe ., 325 to 500 watts

Emplacement Digging Heavy - t50+ watts
Walking Hard Surface/

5.0 mph No Load rh, we•ght of th, c0hwyipI
Walking Loose Sand/ protive overboots is a

primary oontributi to
3.5 mph No Load increasfd work intenshty in

MOPP.



Figure B-i1: Estimated Tolerance, Times at Three Work Intensities in MOPPO
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APPENDIX C

WET BULB GLOBE TEMPERATURE (WBGT) INDEX

1. Equipment

a. "fhe wet bulb thermometer is a standard laboratoiy glass
thermometer with its bulb covered with a wick (heavy white shoe-string). The
wick dips into a flask of clean, preferaoly distilled, water. The mouth of the
flask should be about three-fourths of an inch below the tip of the
thermometer bulb. Th1 water level in the flask should be high enough to
ensure thorough wetting of the wick. The water should be changed daily after
rinsing out the flask and washing the wick with soap and water. To avoid
erroneous readings. the water and wick must be free of salt and soap.

b The conventional globe-theimometer apparatus consists of a six
inch hollow copper sphere painted fiat black on the outside and containing a
therm-nometer with its bulb at the center of the sphere. The thermometer stem
protrudes to the outside through a stopper tightly fitting Into a brass tube
soldered to the sphere. The sphere has two small holes near the top used for
suspending the sphere with wire or strong cords. The globe must be kept dull
black at all tinmes, free of dust or rain streaks, by dusting, washing, or
repatnting if necessaly.

c. Shaded drv bulb thermometer.

2. Method

a. The WBGT' Index is computed from readings of

(1) a stationary wvt bulb thermnometer exposed to the sun ý,.nd to
the prevwling wind,

'%2) a six inch Dlack globe thermometer similarly exposed, and

(3) a dry bulb thermometer shielded from the airect rays of the
SUM

All readings are taken at a location representative of the conditions to
which men are exposed. The wet bulb and globe thennometers are suspended
In the sunl at a heig,-t of four f-e t above ground A period of at least 20
n1lIHn0 ('l; after depnoying th? apparatus should elapse b.)eforc readimns are taken.
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b. The WBGT Index is computed as follows:

0.7 wet bulb temperature
+ 0.2 black globe temperature
+ 0.1 shaded dry bulb temperature

=WBGT

3. Use of the WBGT Index in Control of Physical Activity.

The proponents of the WBGT index have proposed the following as a standard
for application of the index. IT MUST BE EMPHASIZED that the
measurements must be taken in a location which is the same as, or closely
approximates, the environment to which personnel are exposed.

a. When the WBGT index reaches 78 F (26 C), extremely intense
physical exertion may precipitate heat exhaustion or heat stroke; therefore,
cautioii should be taken.

b. When the WBGT index reaches 32 F (28 C). discretion s1 uld be ased
in planning heavy exercise for unseasoned personnel.

c. When the WBGT index reaches 85 F (29 C), strenuous exercise such
as marching at standard cadence should be suspended in unseasoned
personnel during their first three weeks of training. At this temperature
training activities rm. be continued on a reduced scale after the second week
of training.

d. Outdoor classes in the sun should be avoided when the WBGT
exceeds 85 F (29 C).

e. When the WBGT reaches 88 F (31 C), strenuous exercise should be
curtailed for all recruits and other trainees with less than 12 weeks training in
hot weather. Hardered personnel, after having been acclimatized each season,
can carry on lhiited activity at WBGT of 88 F to 90 F (31 C-32 C) for periods
not exceeding six Lours a day.

f. When the WBGT index is 90 F (32 C) ai.d above, physical training and
strenuous ex,-rcise should be suspended f)r all personnel (excluding essential
"o)perational cominftnexi ts not for training puroses, where the risk of heat
casualties may be ,,aw iat edl

4,5

g ~ n ~ a - - ----



4. The Wet Globe Temperature (Botsball)

To simplify the assessment of environmental heat stress, the U.S.Army has
fielded the Botsball device (N.SIN 6665-01-103-854.7). The Botsball provides an
index, the Wet Globe Temperature, which correlates but does not exactly reflect
the WBGT Index.

The difference between the WGT and the WVBGT index can be substantial.
In hot, dry, -windy environments the WGT has been measured as much as I 1°F
BELOW the WBGT Index. In those circumstances, the WGT seriously
underestimates heat stress.

To overcome the limitation of the uncorrected WGT reading, a correction
formula was developed. The correction formula is:

WBGT(°F) = 0.8 X WGT + 0.2 X dry bulb temperature + 1.3

Note that the WGT correction formula requires the determirnation of the bry
bulb ternpera'are.

The WBGT predicted by the correction formula is usually but, not always.
a slight overestimate (1 -2°F) of the actual WBCG7 Index.

SHADED DRY BULB

Solt- %h.ruo*p

..... ,../ , ..... hT 7- //
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APPENDIX D

ESTIMATED MAXIMUM SAFE DURATION
FOR RUNNING AT 9 MINUTE MILE PACE

The work intensity of running at a 9 minute mile pace is substantially
higher (about 900-1000 watts) than heavy self paced work (500-650 watts). The
rapid generation of metabolic heat during running can produce substantial heat
strain and heat casualty risk even in climatic conditions that would not be
particularly stressful for less intense activity.

The following table estimates the number of minutes a unit of physically
fit, acclimatized and well-hydrated soldiers wouid have to run at a 9 minute mile
(6.2 miles per hour, 10 km per hour) pace to generate a 5% risk of heat
casualties. Unit trainers can use this table as an aid In judging safe time limits
for running in hot conditions to avoid heat casualties. POTE this table assumes
running in running shoes. Boots would cause significar, ly more heat strain and
would shorten the time until heat casualties occurred.

Maximum Run Times (rain)
WBGT Ta Summer BDU T-Shirt/Shorts

50 53 54 59
54 55 52 57
58 62 51 55
62 66.5 49 52
66 71 46 50
70 76 43 47
74 80 41 43
78 85 3,7 39
82 89 33 34
86 94 28 29
90 98 22 22
941 103 16 14"
,96 105 13 1 1 *

()iThe apparcnt tpa-adox of ,'shorter (I-till tilC.s despite a lighter tIlifo-rll is
(tLIc t lW protective effe'Cct of clothili fi-g t •1 severe• Crivhoilnilntal heat. hi these t!\V)
cils('up;, tio heavicr utoit0Hn sh Slows wl xet gaiitl fno lu thle cinivi)romnnt p)rolonging (ihe
pocsspiolu 1)0 sur- iilie' Assum.ptro*iqns (.le(il skies, e ixlv loli)ig, winid spet'L:
4.71 ,1-) , lq'O v i1C(1ii Itiud, tltI 50( l0 tivc. !iivc nid(itV, xvt'kii) iuitin•in ,sh eS
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APPENDIX E

PREVENTION OF HEAT INJURES DURING DAYLIGHT OPERAMIONS

TABLE E- 1: MAXMUM WORK TIMES

TABLE E,2: WATER REOUIREMENTS FOR MAXIMUM WORK ,JýJ;"AKS

TABLE E-3: RECOVrERY TIME ESTIMATES AFThR MAXIMUM WORK

TABLE E-4: MINUTES PER HOUR IN WORK-REST CYCLE

TABLE E-5: WATER REQUIREMENTS FOR WORK-REST CYCLE
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APPENTDJX F

PREVENTION OF I{EAT INJURIES DURING NIGHT OF4RATIONS

TABLE F- I: MAXIMUM WORK TIMES

TABLE F-2: WATER REQUIREMZNTS FOR MAXIMUM WORK TIMES

TABLE F-3: MINUTES PER HOUR IN WORK-REST CYCLE

TABLE F-4: WATER REQUIREMENTS FOR WORK-RE5T. C"Y'ULE
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APPENDIX G

RECORD KEEPING AND REPORTING HEAT1 ILLNESSES

Army personnel diagnosed as having signs and symptoms of heat illness
should be interviewed by nedical personnel in an effort to describe predisposing
conditions and the circ amstances surrounding development of the illness.
Hospitalized heat illnesF cases, or clusters of cases, must be reported using the
Special Telegraphic Report (RCS MED-16 (R4) LAW AR 40-400. 6-2b(39).

Local xnedical commands are urged to develop a procedure for tracking
environmental illnesse-;, ir cluding those that do niot require reporting. A wn-
climatic illness data co lecA ion report forni is included in this appendix which can
be used to record and aný Iyze climatic illnesses.
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SIIATIC- IMRY REPORT
INSTALL.AT ION: UNIT:

PATIENT NAME: SSN:

R-AX/CPJ.ADC: AGE. R~ACE. Bispanic: Y N SEX: H~ r 14OS:

C-ACTivE DRzsERvz DCIV TI)e ON STATION-. PRIOR STATION:______

ONSET (DATE/TIME):_______ fATE/TIME OF EVALUATION: _______

DIAGNOSIS. OSUNSURN - DEGREE: 1 2 3 OiwmRsiO FOOT
DOJY.ABDOMY0LYS IS OCHILELAINS
EJHEAT CRAMTPS DFROSTBITE - DEGREE: 1 2 3
EDEAT EXEAUSTION/ 1113RY OHYPOTHERMIA
OREAT INJtRy WITH SYNCOPE DO0THER_________
IJHEAT STROKE

SYMP7OMS/SIGNS (FIRST HOUR): location:
EOkAZED/SLOW MENTATION DWEAKNESS DZpAmPs_______
DAMNES IA 1FAIN'TNESS/LIGETHEADED DOtUNENESS______
DCONFUSED OSYN4COPE OE.~STE~SIA_____

DDISQP.1ENTED DVISUAL DISTURBANCES ODTHER
EbELIRbOUS/CO143ATIVE ONAUSEA
[DOB T~NDED/ /COMATOSE EJVOMITING_______

RECTAL TEX?~:MALX 1(TN PULSE: -RESP: OFBP: H'T:

SWEATING; tEXCLESS E3NORMA1 ~L £NoNE HOPP LEVEL: 1 2 3 4 WT:____

IJk.Y (PEAJK VA~LUES -); Creat___ ZVN CPK SGOT - ECT NBC__

DISPOITION- L2HOSPICTAI O)CLINIC OOJRTEURS day3 CLICGHT DUTY -.days

D~sc~..:ON OF ACTIVITY i ONSET OF SYfPTTOMS:

~CLOTHING (CCVER AND WETNESS):______________________

V BG'T OF DAYBULB TE>T: - F

WBGT MA.X/M!N:____ __ WbG"A MAX/thIN: ___

DAYBULB HAX/k'N: DRYBTJIZf KX/X.CN_________
MoF? L*;VEL/RkS NO~ LZEVL/ARS ____

HOURS OF SLEEP _ __VACCINES: DATE __

L.AS7' YXEAýL (T IME /AM)kT) -_ ____ T~PES.
FLUDO INTAYE: TODAY________

SPAST HISTORY OF F5tAT/COLI. IfN~TIPY (DATE/TY`PM):_____________
OTHER. RECENT IIL.1NESS /IN JURY:

ED I CAT IONS /ALCOHOL:

I'1 ~L;LLA AZ I.z:1 Y' 12F IE LD tarmc. OZER 0LJC3NIIZ REA7,,C'0LD I.NJTUfILS 7-O-M E2,5
NAME: UNIT IN PAST .30 DA~YS

PPRE pATRE: F TIC
______________46_ ---- -



DNSThUT~IONS

Ist Bloch:

Enter th*1 patient's ftas, SSN, unit, and Laotallation atz time of iAJuxn. Kate:
ran/rade, age4 , race (WhIt,, black, Oitber), 2"vanic ethnJicity Utes/wo), mex
cmaleir¶uuale), duzty occupation mOs), miliary status (active. cos5SZW, civilian),* time at
tr~is stationfl includs units, i.e., days, wacks, manthbs, years). and prior station
(geogiraphic location to assess acellmuatio.).

Znd *lock:

Knte: date and time at eoset of symptoms &ad of initial medical evaluatio~n. Check beat
tisqnoses (aftet initial diagnostic evaluation): circle ifegree it sumburn or frostbite:,
spec~ify if other. Rh~abimyolysia may VOcUr With Or without tever or beat exposure.
Goat stroke means beat £ujury with deliriva, isbtundation, vt com. * Ust LaUsyX
includes besat *zXAaistion with or without &nlder neurologic pru6lewas. Owt uhauNtiM
involves symptoms and signs of flu 44 and salt lost. Ujpothazoa includes all patients
wi.th core body t~esrature below 95'121 Check a11 aymptoms occurhing duting the first hour
of injury: list additioral syuptms tudev OT=R. At is isportant to distinguish between
syncope (often with distizet prodixomsa duration less than tive mn~utes; rapid recovery:
with ar without amnesia), Naimure four&: Characteristic changes in muscle tone, posture,
and movement: LneorPtinence: post-.ýctal state), * ad geme (prolono.-d Unresponsi'veness).
Parade syncope occurs when a person In standizg virtually motionleses (list under
OMHER). Fox eramp3, nabnbess~. anesthesia, g~ive body location: dbacribe skin under CTKER
if appropriate. Fox heat inj.ur7 ar thabdowyolyais give maz4'Mu rectal temperature in first
hour after injury, for cold injuary give miniza-. Kate: earliest vital signs obtained at
your facility. tnter height in incAes and weight in pounds. Cbeck state of sweating and
circle HIOPP geer level at tim, of injury. Lnter peak 1~borstory values. Check initial
4isptorition of patient (i.e., hospital inpatient, sent to clinic/z9., Confined to quarters.
or light duty): en~ter niumber of days of quarters or light duty.

3rd B.lock-

Doscribe the nature and duration ot activities associated with the injury; include
distance of run/hike, minutee of ozarcise, level of efftort (include load carried), and
duration of hot/cc.Ld exposure. Describe the clzzonologic sequence of symptoms and signs.
Descri!e, ZYp. Of clothing worn at. time of exposure (e.g., gym suit, *imat suit, T-
*W~r% /trousers, MV3, Class A/*, etc.):I include cover oi~ head, axas, legs; type of
shoos/boot.#; whether clothing is dry, 4 aap, or wet. give eravirumantal, temperatures at
time of exposure; if 350? is inappropriatt, give alternate measure 4list type. *.g. * wizd
cn~4il factor, radiant heat msasurt) . In the 24 hours prior to injury and in the throe
days prior to injurzy qive itmes roquostej. Later tim and ar~ur~t eatenm (light, moderate,
heavy) of last zm& and amourt of fluid intake sinus waking today. and yestera~dy.

4th Alock:

Qiwe patient'~s prior history of c~limtic inajuryr be precise as to date, type, end
rgeww:ity. Give other? lilamsses or inJUaSte within the pa-t two weeks: be precise as to

SA~te. tYPP. Sevurity, ad resolut±inz. Oivs medicaticu~ and amorat of alcohol consumed in
PýRmt 24 bours. Incl~ude ackLtlonal iv.kOX~tion Or Jat"L.xpr~tatioc Mr VMUW=R.S

~ t~ ~f ~ fcility saki". Ihis s-wpart and give same of facility and of

Lrpra &niz aAA~ t-,tai wm4mr of! beat,/cold injuries frms this wai~t ina the past

6I
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APENDEIX H

Medications Repofited to Increase Heat Illness Risk

anticholinergics
atropine
scopolamine

antihistamines

diuretics

trtcyclic antidepressants

•• 'r tranquilizers

amphetax-ines

cocaine

"alcohol

beta-blockers

67
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APPENDIX I
A Fieid Expedient Techutiqt••e to Regulate Work In Vie Heat,

The work-rest cycles provided in the preceding Appendices are vsliW or-ly
whl .er thc assumniptio ,. used in their preparation are tnre. 'They apply only to
you.ig fit males In opUm•al conditlon. The ibllowvig technique can be helpful
wnher, enrmonrnental conditions are extreme enougi t¢o warrant work managernent
f6r1 indiNd..a~s nct meeting the aturned characterý;.tics of the tables.

L Deter•mine the work-rest cycle from the appropriate table.

2. Determine the individual workers age-adjusted heart rate maximum:

220-(agr# in years),hage adjusted heart rate

3. I)etteranze the 75% age adjusted heart rate value:

Q0.75 * age adjusted heart rate= 75% age adjusted heart rate

4. Allow the Indiclvidual to corrplete oue work period using the table.

5. hmmediately after the work period is complete, measure the Lndlviduai's heart
rate If it exceeds Uie 75% age adjusted value, the next work period should b .
1/3 shorter,

6. The rest period should fil the re:onid'ef the 1.J'ar.

7. 'he assessment in 5 is repeated after eveiy work period. Wcrk perfAls are
shortertd by " /3 untl the heart rate at the completion of the work period does
not ex(.ý.eed the 75% age adjustedi xate value.
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